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SOME WAYS OP WATER -WATER .POWER HKACTOR DEVELOPMENT 


A. Ya.Kramerov, Yu. ^Markov, S. A. Skvortsov, 

V, A. Sidorenko, B.P. Denisov, E.V. Kulikov, 
Yu.P.Sorokin, V.V. Stekolnikov, 

A* A.Hohlachev, V.P. Tafcaralkov 

I» Peculiarities of reactor and plant design of the No^o-Voronezh atonic power station 
secont unit 

Water-water power reactors with application of water as a moderator and a coolant 
ar* represented in the UoSR by two onitB of the Novo-Voronazh atomic power station. Ite 
first unit of- £1.0 Mw power is being now J.n the starting stage and the second one of 365 m»B 
power is being under construction* 

The first unit was described earlier U,2,2] « Construction of this unit pursued the 
aim to gain an experience in design, erection and operation of the stations utilizing 
heterogeneous pressurized water reactors# It is nnturai that parameters and design 
solutions for this first large atomic power station were selected in some cases with a 
certain extent of precaution. 

Desism of the second stage of the flovo-Voronezh atomic power station pursues the atm, 
on one hand, to make a new step towards construction of atomic power plants with economic 
indices getting close to those of thermal power plants and, on the other hand, to make 
maximum use of experience gained during the f irst stage erection in designing and 
manufacturing basic equipment avoiding ouch new solutions realization of which would 

“dbli si tDrt ftlfliriwTsC^ ' ' m eans f o r~ ' researcti^sfi^^MTfgn work . the t ia ~ 

why the design of the second unit of the station should be considered as a modernized 
Ivariation-o Cl’-thelXirstrs ta~e-wi thin -aforosaid-liorte . -™JZZZZZ1ZZZII1Z1^^ 


t echiiicsl : maximum-! o r- t ranapor t abl e d’actory-aado veane ls?- lt- w ill no t -bo cow^red*-by--ar^== 
aLnti-cbrr6sioh--cladding-thatwili:ninkftit-p63sibiotbenhance-thicknessof-fchebnsic----- 
metal as well as the rated pressure (up to 120 absolute atmospheres) . 

To ensure a unification, the fuel core as that of the first unit will comprise 2*9 
hexahedral assemblies 2.5 m long and sized for a I4A~mm wrench. 

Cylinder -shaped fuel elements will contain sintered uranium dioxide in jackets 
thick made of either zirconium-niobium alloy or stainless steel. 


o use main circulating 


■(capacity- 5250 cub m p.h. , press>ire head - h<) ra“bf water column). r— On the same reason the 
fuel— recharging -remains to-be executed with a removal- of -the cover; simultaneously - the 

^^--in - o r d e r-^ t o-u ti - l-iz e-suc h- a- s y s 1 e a-in- ths-fu ture ; — - ---.. ==a ^ = ^ == 


Due- to-the-fact—t^at— the— removal— aQdrmoun^in^--i>^—vne— 00 ver-y—t-uel—recQ&rTving—i-tee-l 

a nd t he restorat i on of the operating state of the reactor plant may take a lot of time 



trrgns~grioiaa"De~~conuuurea~as~BuiT 30 ~in— as-pcmsrcrre~r~A~re~i~~a— aurain. 
- operatlon-beuween -two-rout ine-re eijar gingfl-bf -fuel-ghoul1i7be--11ihg~ren^^ 


25 YEAR RE-REVIEW: 
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fuel bum-up and, at the muue time, «ui Increase of the initial j-eact-j vlly margin which 
must be compensated in the operating devices of the reactor contru 1 and safety bvbloui, 

A principle of the excess reactivity compensation uucd here io barrel on subetituUng 
the fuel for absorbent with an application of a font neutron wat€*r trap, Design studying 
baa discovered a possibility for increasing the number of these duviceB up to 73 assemblies 
distributed evenly within the fuel core in the triangular la tt I cu» points with « pi^h oi 
294 mm. 

The water-to-uranium ratio (n ratio of water and fuel material volume*) -renal nr, 
the same an that of the first unit (1.7). It emtures a minor negative cooff lcWit of the 
reactivity, a sufficient compensation capability of the control ay a tie in and a good matron 
balance. 

Ifce fuel ia charged in assemblies of nearly the same design and tho same crosa- 
•ection size ae those of the first unit. 

The diameter of tie UO^-pelleto ia 7*7 ra and the external diameter of the fuel 
element is 8.8 mm, each assembly con contain 127 fuel elements within a triangular lattice 
with a pitch of 12*3 n®. And this mal*? it prrMnj^il a. tti — igrrnri nr the thermal capacity of 
the reactor up to ^ 1400 Mw, l.e to exceedtj^I.8 tiaejythe capacity of the first unit. 
Further essential increase of the capacity mi f^t^'IbGcome useful only upon an increase of 
water flow rate and an alteration of reactivity compensation and recharging systems 
that would contradict initial dsnLgn provisions. 

Within a core life of ^ 1, 3*2 years, tlree partial rochargiugs provided, the uranium 
bum-up re ache a ~ 22,000 ♦ 30,000 MWD/T. Average enrichment needed for the first charge 
is 2m* — 3*5 per cent and a fuel make-up of the reactor is executed by a fuel of the 3-4 
per cent enrichment. 

60 from 73 assemblies of the control devices are designated for compensating slow 
changes of the reactivity and 13 others - for safety system of the reactor. 

Design of control and safety system assemblies is similar in principle to those of 
the first unit; nevertheless, provisions are made for a hydropiston relief of the 
assemblies against upward strain caused by an upstream of the coolant which hampers a 
reliable downward travel of the assembly toward the side of a reduced reactivity in this 
reactor which is characterised by increased heat rate. 

Both safety and control assemblies consist of two parts, one of which is an absorber 
and another part contains fuel. 

Usage of the fuel in assemblies of the safety system provides an improvement of the 
neutron-balance - inth e fuel-core-and-an-dLncrease~of-the-fucl--burn-up~-“— — — — 

A decision has been made to utilize a saturated steam power cy cl e under a pressure 
of 30 abs atmv thou^ studying has prov ed in principle an economic advantage of 
utili*ation“of~f lreoverheatingwhich f bowever,-compldcatee~theplantdeBigii.The“ 80 cond-~ 

-.imit-wili..b e-,pg ovide ^wi tlirfi ve-.turS inea -:aiMiIar -. to^.t ho aelof r ^th e..>fi r st^u nit.;...aoBe 

'• modernlgation wiir ensure an incfeaBe of 'each turbi necapecity up to73ttw;Soitbe 
electric capacity of the unit-will be of 365 l*w with an efficiency of abouc 26 per cent. 

To extract the power from the fuel core avoiding a reduction of parameters of the 
steam delivered to the turbines and reactor inlet water temperatures a decision has been 
taken for an increase of the water maximum enthalpy in the outlet of the hottest fuel 
assemblies up to a saturation enthalpy and even for the admission of the steam outlet 

l and-water-teaperature-of -250^0 -ifl -tbe reacto r - inlet — provided.,-a-con8u:iipti6n-bf . the— — - 

-fnnl Hw^jtaww^Tig-^th-pniigh^-fche-^fual— core reacheB-42j OOQ-cub-a- p -h. It—requi-rcr— aD^incrtraaed-r-T — — 
au^beiLjof the plant circulation loops f 8 comparing with 6 in the first unit). Owing to 
a raiusal ^f~th^ possl^ units during the operation , ~ ~ 

: — ' - . v . - : — : 
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tho first circuit ie simplified considerably and this made it posnibie to accomodate 6 
loops in two her motile boxes* 

To maintain a needed quality of water in the first circuit, the purification system 
of the second unit is provided with ion-exchange flit ere uni Uo tho evaporators erected 
in the first unit of the station* it ensures a simplified stabilization of tho balance* 
Tho filtration is performed at the operational pressure of water* 

^ No gas preasurizers as those of the first unit but ate*"’ ones provide a maintenance^ 
of the pressure in the first circuit that also -facilitates a ntabllizsfci'm of the first 
circuit hydro-chemical conditions. 

~ Jus a result of an incroaae ir the specific and general reactor powor It has become 
possible to gain a considerable dLrcp in the fuel and capital components of the electric 
power coat. 

The reactor (Fig. I) is a vertical cylinder-shaped body of about 19 a in height. It 
consist* of a vessel (10) and an upper removable block (12) with a flat cover. A special 
cylinder-shaped pit inside the vessel contains a detachable banket (7) of 5, OOO m a in 
diameter and 4,000 mm in height designed for an accomodation of the hexahcdral annemblios 
with fuel elements (5)- 

Movable assemblies (2), designed for a compensation of the reactivity and for a 
reactor emergency protection , are provided with drives mounted in the upper removable 
block Jackets. 

A cover of 3350 mm in diameter and 520 mm thick is mounted on the vessel flange. 

Branch pipes for control system devices and for jac.' " of the assembly water temperature 
control thermocouples are welded in 85 holes of 100 mo in diameter. The coupling 

of the cover and the vessel is ensured by a self-sealing lock with a wedge-shaped nickol 
packing. As a reserve version, provisions are made fox % a sealing by a flexible clement 
of the tore compensator* one end of this element is welded to the cover and another rests 
on the vessel flange. The tighteness here is obtained either by a bor packing of 5 mn in 
diameter or by welding ths tore compensator to the vessel flange. Tho cover is necured 
to the vessel by 60 flange bolts through a locking ring of 4,000 mm in diameter and QOO am 
in height. 

Principal scheme of the power scat ion and cooling system of the reactor is shown in 
Fig. 2. Each circulation loop Includes a rteam generator, a centrifugal canned type pump, 
two valves with an electrical drive, a return valve and connecting pipelines with an 

internal diameter of 500 mm. ’ ' ' , 

steam-genera to re-designed- wiil _ ~be _ of "horrizontaQ. type. This v/£ll make -it possible - 
to set a heat-exchange Surf ace lower than the vessel flange of the reactor in order to 3 
keep the circulation loops under rwats^whilV-i^^ ^Si^^ 4 --geacto r ) .~That~ 
j^Srturo lyg^^duai— near durin g -theP'irawirar^Tec^ 

'~'~Trt the event of a power_ siipply, loss in the statibri. auxilliery network the power " ' 
station will be provided with a circuit of the reliable power supply comprising storage 

on j» ]|j ^ n ^ine— driven generators with autostar ts. Power supply of tho circuit 

cTwilIationpu^ the first a econds of a failure wil 1 be provided by the turbine 

generators at the expense of the turbine final run due to inertia and heat content of the 
system. Upon a decrease of generator revolutions lower than a normaj^ra^e^the^u^s_are__ 
-to-be-swirtched-to-bhe-^orag^ *nd transference to ^shut-down ^ 

cooling by the - natural circ ulation In the -reac totL-fiiiSiUA ^ 

: _A rr ^ e AmAn^o^fehQrHnirbiTO-anA^dOttembr~ T B^t~iW equipment is aii^ that of the 

organic f uel— operated power. ^stations.- - ~ - — irZZLT .Z - - - — -- 
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2. #ayo for improvement of water-water power reactors. 

Improvements of water- water power reaefcoro, to be renlisud by the denied of the second 
unit of tho Novo-Voronezh atomic power otation, havo boon strictly limited by the aforeouid 
modernisation of the first unit and that is why it in far from exhaustion of all ways for 
the development of wator-water power reactors. 

Prom the standpoint of a probable reduction of the power generation cont it is 
necessary to consider no mu relatively radical waya for improving the design of vcmnel-type 
water-water powor reactors, 

Steam genexvitiou circuit 

It seemo to be advantageous to keep a uiinplieot principle of the n team generation in 
evaporating "boilers" with a delivery of tho oaturatod steam to turbines. 

A generation of the energy-producing steam at the oxponuo of water oelf-ovuporatiun 
in the reactor circuit during water orificing can compote with ohe utilization of surface- 
typo steam generators only in the caaea of a low (quite inoptimol) pressure and on 
application of sufficiently cheap pumpo with a coot (per kw of pump capacity) , as 
calculations have proved, more than two times lower than tho coat of one sq m of the he- 
ating surface. 

Pig. 3 shows an increase of a relative expenditure of the energy An for a 
circulation and an increase of the cycle efficiency depending on tho initial and 

final pressures in case of a replacement of a steam generator with tho maximum temperature 
difference V by an orificing plant. As it ia seen, both increases are oquul ( AH 
i.e. the net plant effici obey is not reduced) either "in" case of low pressures of the a team 
( p» » 104 15 abs atm) which are disadvantageous for large-fl'iMie energetics or in case 
of disadvantogeously high temperature differences ^>25°C. 


The steam superheat 


in a steam generator results in an increase of cycle 



yf r f 

efficiency which is approximately proportionate to a product of A lj up and a 

heat fraction of the superheat * Cp&t 3U p /At , Aa a possible superheat io pro- 
portionate to the average coolant temperature rise in the reactor dt f an increase of 
the efficiency caused by an introduction of the superheat is approximately proportionate 
to At* . As minor water heatings axe optimal for wator-water reactors, an effect of the 
overheating introduction does not, as a rule, prove its value due to a complication of 
the design and a rise of the steam generator cost. 

An application of a two-pressure cycle enhances the efficiency proportionately to the 
first power of At that makes an increase of the efficiency more essential even with 
~a“low”At~~r ^^j-^oviding-— At— s- AG p Gf-a-relati ve~increaae-of-the-eff-iciency-will 
approximately as follows*. • „j ; .. 

T_ ~ 




ihere r ^ eiid - r -T| V=5CHD 0 K^a^ the tempera tures^ of oool and hot sources in an 

equivalent one pressure - cycle . — — — — — — — — : — ~~~- 

k unifori water heating in assemblies of the reactor provided, the optimal heat At 
will increase and, as a result of this, the effect may increase r* 1.5 times. 

In case of a successful overcoming the turbine moisture separation difficulties it 
say happen to be advantageous, a high capacity of each cooling loop in the reactor 
provi ded, to use two incorporated in series into tho first circuit 9team 

generators of similar type which produce a saturated steam of two temperatures diff erred 

-by ^Q^^g^C. r : •' ■ ■■ ■ • '• v ' • 

*•7 3 i&fcv p ^lould be noted that this 7 ™ extent , complicate an 

/.aiTaiiigeSent of the first circuit which must be simplieat and symmetric so that to minimize' 
t h» "v^ 1"*^«^ dlength^-^ipQ8-and~preBlBeS"<>f-the-firstcircuit-aa-well-as~to-create--properL 
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conditions for the natural water circulation in tho IMiufc circuit and to compensate 
thermal expansion or pipes, 

A thermal expansion compensation io profoxobly to provide by froo aliifting the 
equipment, it’ the pipelines are rigid enough and, If possible, straight. In thin caoo it 
le expedient to place the pipelines of the first circuit, mountin^a of the reactor, pumps, 
steam generator and fittings approximately at one and the same level} it ia useful to 
eeouro main pipes to the top part of tho reactor upp jx* than the level of tho fuel core 
that would simplify the erection struct ur«.3 and incrjaee tlio reliability of the reacts! 
▼easel. 

Water circulation direction in the reactor 

When water in the reactor movoa downward tho space above the fuel core is free for 
the conduct of the recharging operations and an emergency insertion of the control system 
absorbers into tho core under a combined effect of the flow and gravitation becomes more 
reliable. 

However, there is an opprehonaion that ft reversal and deprossioj, of water circulation 
may occur in the event of an emergency while switching off the power supply of the main 
pumps, and that it may cause an excessive overheating and damage or the fuel oleraento. 

Such conditions will unlikely cause serious consequences. But it is very difficult to prove 
this with a sufficient degree of trustworthiness. Now our consideration will bo restricted 
by studying an upward motion only during which aforesaid apprehensions are practically 
- dieappearedf yet this motion cauooa serious difficulties for onnuring a space above the — 
fuel core and for a reliable downward motion of the control and safety system operating 
devices . 

A two-pass fuel core in some respects takes an intermediate position between single- 
pass cores with upward and downward motions of water. 

In such fuel cores with water inlet and outlet iri tho bottom it is convenient to fix 
the assemblies in the central upward pass by hydropietono and a water temperature control 
for each assembly should be organised in the bottom only, i.o. in the outlet of the 
perifefy (downward, hot) pass. In this case a space abovo tho fuel core will be 
unobstructed for recharging without removal of tho cover. A downward motion of water can 
be arranged in all the channels of the control and safety system. 

But the two-pass fuel core contains a potential possibility for an occurrence of the 
power neutron instability and still excites an apprehension in reepect of a reliable 
— -proviaion-of— an-emergeacy-shut-down-cooling-in-tbe-downward pass-in-the-event-of-a-sudden — 
peMation of the forced circulation. 

_ Yety"the r inot echnlcal adv antages, connected with an increase- of critical heat? fluxea 
— . therrate -and-aubcooling-of .-Water ~ln^ftzdaiagejr0Ufl-P0int).---and- with -a- : 

fdue to flattening the temp erature In the chamber betw e en passes ) , can be ess enti al 

only in the case of rather high radial irregularity of tho heat release which itself is 
unprofitable. 

That is why the two-pass fuel core usually has no sufficient thermotechnical advantages 
which may justify an increase of the by droresi stance and a complicacy of the design. 

Methods of recharging 


I I Unde r 7 cohdltibna of a high pressure of co^antT^eaid a chauanellesB structure of ^the 

AnH 1 1 »ry, bperatione ln this case require a lot of time (E.g. see C 5) ) and are accompanied 
IT tnTI^hg^ of the! f irat cixciUt e^lpaent. I IZi; 

TSiat is why it would be advantageous from the^ecbWiril2ttl - p“ointroX - ^“ew^o“perforiB"ouch 
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reoharglagB rarely ( not more than a few tinea within one core life) in spite of the 
fact that & aore frequent recharging would euhanco the burnup of the extracted fuel by 
waking uee of the additionally charged fuel reactivity f4) , and simplify the problem of 
an excess reactivity compensation# 

i reduction of the recharging duration reduces the power underproduction and 
provides a drop of the cost of a kwh* 

Making use of an approximate relation between a possible btirn-up Jit in) and the 
number of rechargingo n during a core life ^ (see Ml) ?* f r>) Ipjs u 
it ia possible to obtain a dependence of an optimal nuabor of rechargingo on the 

auxiliary time ^ of a water-water power reactor stoppage caused by the recharging » as 
well as on the pure time needed for the recharging of the assemblies , C B fc 'mT ' 


is the time needed for the recharging 


V’Wr'P 

r, f T* C °r 

where nt is a total nuber of the assemblies « 
or one assembly; J \jkjhwdx 


or one assembly; 

1 Ji fCiJtdff 

is « coefficient of the burn-up fraction reduction due to a radial irregularity of the 
neutron field | when $(*)* ^ =* 1.69; and C/tCjCJ* 

capital and fuel components and the cost of a kwh under ideal conditions of a continuous 
recharging under a full capacity. 

When n*n 9f t # the cost of a kwh C/*i) rCmi* is higher than C^ s C r >C* 

by the following fraction! , 

c ‘ ^ (,.c/d U-xfc.) fcfr&fc l2> 


(l.C, /f«J j 


These dependences sure presented in Pig. 10, and Pig. II deals with the dependence 
AC(n) (cl of exoesB of the kwh cost over an "ideal" one on the number of recharging* n . 

It is clear fro* this dependence that a reduction of 71 down to . 5 ft opt haa no touch 

effect on the increase of the energy cost. 

I t «« «n that a major role i s played b y the auxiliary tiae a reduction of 

' which down to (I0“^ ♦ IO”^) “T* : nay considerably cut down the energy -cost. Side by 
side with improvement of the recharging with. the cover removal the realisation of such 
~riWn wi; parioda of~ tine ^for auiciliary operations- would stip ulate a doalgn of recharglnga 

~wiMout^the~' r covef 1 reiaoVa3.~aHa :r wl r thout=ahut-down=cooli.rig=ot-the=reaetoE T---- — — ;--—= == 

. - 1 fuel recharging without the cover removal but after h cessation of the reaction, 

^^^ nmaonT^and preaiure^drop wiirheTersp^tiW imikely aa in comparlaon with ~ 
a recharging conducted with an open cover this method will exclude only operations on 
repacking the cover, yet operations* on actual recharging would l>e nore complicated and, 
apparently, would take longer time. The reactor shut-down cooling before the recharging 
and a heating after it should be conducted rather slowly to avoid probable thermomecbanical 


in *»in-run" recharging requires some' complicated raaaauresf which car. ursnure a - 

r ^ P »«:<» n - n f-thn-mater^conaumption-tlirbughihe3im-<g ^he-ex tractB d -as8emblyr^jieguitar, 
a Dick of the neutron field in assemblies adjacent to that extracted. Such a method of 
the recharging will apparently cauae a lose- of: the reactor capacity. Conduct of recharging 

op erations a crit ic al state of the reactor also causes some difficulties and 
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conflidornbljr fllown down fcho rochai'g! m; procooa, An application of not Id utmoHu-ni 
lnauj'tied froi above io tapoauiblo at all, a unu f - u ,.r tho W drive la -ruotrictod dun 
to Inconvenience? -caused by the locution of uboorboro above the- 'fuel- coro. With tlilo 
aim tli o eoiection of tho react Lvlty coiiipomiafclon oyutorn apparently comoo to an iipplicntion 
o liquid comiipiiantora, i.o. by choni;lne Urn concentration of ah abuurbor in the qolution. 

To thin- .effect tho fount ouitnblo thing would bn upporoutiy u oubdivldnd fuel coro 
with cello (roseabUnc "honeycombs") formed by apodal partition wells which, however, 
take up an appreciable port of the useful volume anil look like n Or/icory ntructiire (fiR.6). 

’#hon u removal of the cover In not provided it io most unoful to reclmrco fuel 
without a reduction of the preunuro and temperature but nftur o shut-down or tho reaction. 
Such rechargings can be performed in two otagect a) on extraction of uuoembHeo from the 
active section to the cello of an intermediate otornuo (on in the opposite way), b) a 
removal of assemblies from these cello through a voueol lock Cori insertion of now 
assemblies into the colls), and, as a result of thin order, tho most complicated second 
sbage can bo conducted without time limitation under the condition; of the reactor 
operation, 

A design lay-out of thi a recharging is similar to that shown in Mg, 6. There are 
movable or fixed cells inside the reactor vessel for an intermediate! storage of UBsambliua 
outside the active section. These cells and the lock on the cover are distributed one 
above another that would facilitate kinematics of the external recharging device. Its container 
may be provided with a "magazine” to perform locking only once during one recharging. 

— — -When there are *n rechargings during core life the number of cel 1 b of an 

intermediate storage should approximately make up a 1/rt fraction of the number of 
assemblies in the fuel core (if the number of assemblies io 300 and the number of 
rechargings varies from 20 to 100, the number of intermediate cells needed should be from 
4 to 16), 

When a replacement of one assembly lasts = 15-30 min, tho number of assemblies 
is 300 and the core life duration is = 500 days, an increase of the kwh cost duo to 
deviation from conditions of a continuous recharging with the full capacity will make up 
rather low value: 


LlLlgalZ? LW&- 1 300 Co- 25 +a5 w . y, 

c ; 2 t k * z soo w " e 


Evaluating the duration of auxiliary operations ( a shutdown of tho reaction, a 
removal of control drives for ensuring a space above the fuel core and a restoration of 
-thenoperarangnoemdltra^ ^ ^ ~tfi¥" 

zeuzi : -65 ; 


and^he^cost 


a~kwh~wfn ~addltlQq a^ 

* Vc^*^;yc; r M soo-vi 


When the drives sire mounted beneath the fuel core the auxiliary time 
reduced that will result in the reduction of this percentage. 

Assemblies holding 


a reactor operating 


lifting force of the upward wat er 




assemblies muat~be"her<r~to prevenlTtfieir upward travel or releoved“f rom the pressure 'drop T. 
^•_ _ z.xf^g:*positibhing : -lattice ^is-provided # the-as8emblies can be held 1^ locking springs 
fixed in the wall s of the ifttticef as w<eif as by controlled lockg or spring coilcta 

m 



Approved For Release 2009/08/17 : CIA-RDP88-00904R0001 001 00007-3 



Approved For Release 2009/08/17 : CIA- RDP88-Q0904RQQ 01 001 00007-3 


I 


attached to Urn tail of the nonerabllos to provide fixation in tho bottom Hupport grid 
(oeo 6» poy 8). Those methods require either /in extended npnno between amiomblieH, 
or an lncrenao of tho recharging do vie o' effort, or on application of appropriate devices, 
passing through tho coro, to control tho looks . 

A more rational method of tho removal of ao.«oinbl, Len seems to bn on application of 
plotono connected with the tailing part of the onr.umhl lea and nub, looted to n reverse 
prusmire drop ua there in a chauibor bononbh tho pinto/m for a leakage no) lection connected 
by a by-pano pipe with the apace, above the fuel -curb* 

All tho inothodfi doncribod # 5 ivo a possibility to relieve the top part of tho proooure 
vessel from devices obstructing the fuel recharge;, 

Dovicoo and tit* Ivon of control arid safety system 

Solid uboorbern truvuling along the .axin' of tho cure urr» must ■.frequently used in 
wutor-wubor power roncturo. The reactors of both stages of the Novo*- Voronezh atomic power 
station equipped by control assemblies wi th ubuorbero provided with neutron. water "traps". 

A ropl/Jcoinmit of 'compensating abnorborn and safety nbsorburs by the fuel upon their 
lifting onaurea a good neutron balance and Jncrcnnen a ..componnai\lng capability of the 
control devices but, on the other hand, camcii uumiu d i if leu 1 1 j on whan the nboorborn 
arc being promptly fnm'rtod aginwb the direction of -coolant flow. There fora in thin cane 
it is rioctijujary to ensure a relief of tho control nsju.unbl ion from the ofiect of the 
upward flow under tho -condition:* of high heat: removals rate. 

Control devices of 'these JL l.ko causo a cons! d.*f able Irregularity to the neutron field 

Jin.tr .L button. in .j3p^alcLiiK-ic.cm‘rajLly. f ..-itilo.-. .....iL 

advinnble to use them for on emergency protection mid m compensation of the reactivity 
chmep»:i caimed by the temperature effect, boppl er-a/Tect; and the poisoning* 

It oeoiQO to be useful to attach e nomjxmsat. inn of the fuel burn-up to vihsorb'TS with 
n r»'|n Lively low effect i.venesjo no their travel, would not cause 'marked neutron flow 
irrogulart tl.ee; It in possible, for examplo, to utilize flat or cyl indor- shaped absorbers 
provided with scat boring tat In* When rochnrglngs are conducted rathm* frequently 
( roehu pgliigs without o cover removal are meant), an excess of the reactivity compensating 
the burn-up may be low and duo to thin fool; the lotul : effort i venesa of absorbers cannot 
be i» Lgh an wcl 1 « 

A, design of combined absorbers which would combine principles of absorption in "traps" 
and t;hin plates in also possible, A matter of intorenb is an application of liquid abxor- 
lmra which concentration in the moderator or in a special water circuit may vary. In 
wotor-wa t^r power reactors a compensation of th o react i vit y b y moons of chan ging the 
neutron spectrum may oppoar- to- bo diff leu 1 l.for its -realization. — - - 

~ " T"TOe~fdJ:3Winfr"":dHTufr"fbT ; ' : o^ “ 

===== — ^~i!/l^otn;omectonlcal— oi^o:i-octroma^rvrttrLc-d ey ixro o^~-f b ny^aix*— to-bc-.pl^cedr=in— J o ckal v a ^=^ == 

1 we "diia >WW~ ^CbyiiTddtfd 

: ibhrot'ir*F iTrerao t el y ^dl sc b‘ruiec T tTibXe”c o upTIn/? V "11 w] r 3 a c k efc' "mus t ”lfe ' cTcn edy ' t H a t " nib ^ n a tlfe~" 
power supply of the drive is performed by oji elfjctromngnotic way through a closed non- 
magnetic partition* ... . . ; ". Ji .. .. . 

While eondurdiin/; a recharging the drive rodn rauot bo disconnected from tho control 
nasembly and removed upward but the control ooserably should remain in on extreme low 
phblLion. The abnhrber f protruded over the fuel core, arid the rod of rikld connection 
mayV' ^ requi re n ^ prbtectlbn^ from^ ; t he^ ^ e ffect of water - flow pn3olng : through- the coro : / 

ib irf* 'V flynfcem "of dn ''alafrt ri c«*gctiiUtiriK drtvg~~a~o n e mliLTrd~abow~t'he~f u?~l core r e^uunlrl~gs~ 
thoM^ how bxl otin^ and is achpssible for inapectionG through the top flanges of; the cover 

^^kf‘b^S!c>^^^^^-prinoipl^ tenrisIuniltljforli^runTrdciiuigl^ 

-— 
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does not enauro an emergency protection during the rochnrsing without tho covor romoval, 
occupies a lares area on tho cover and ruquirea a roaorvo opace for an upward travel of 
the rods while removing then from the recharging apace, 

a. Hydraulic drive applied beneath tho iW core (n«.7). A platen la connected 
with a "tail” of the control asaembiy and tmvola inaide a hydrocylinaor owing to the 
regulation of water preeaure beneath the pieton. The oyotera contuiuu aanerabliee of a 
diaconn oo table coupling of the piaton with the "tall" of tho asuombly and tho cylinder 
with tho terminal of a wator controller, ooeomblioe of the oxtremo poaltion limitation 
and fixation, of intormecUnto positions, ae well as an aGoonbly of the lifting opoed 
limitation. 

Such a drive provldee a prompt clearing of the opace for recharging without its 
disconnHCtion from the control assembly and with a maintenance of the emergency protection 
for the recharging period, 

Tho hydraulic drive requires rather reliable connection of tho piston with control 
assembly to prevent from n possibility of its upward motion under the force of the flow. 
Thin circumstance compels to seek for combined drives with an uppnr mochanicnlly movod 
to rest and enauro fixation of intermediate positions. Thia structure is rather bulky 
but it provides a reliable and prompt downward travel of absorbers from any intermediate 
position. 

The hydraulic drive can be combined with non-fuel operating devices of the control 
and safety system which are not endangered by an upward motion duo to the- effect of the 
cooling water flow, or an unde tacUable coupling of the hydraulic drive piston with the 
con trol ^assombly ' should be provided. ~ r - — — - — --- -- — : 

Problems of burn-up compensation by reduction of capacity 

A matter of interest; is a possibility of increaning thu burn-up and reducing the 
cost of a kwh at the expense of a gradual decrease of tho reactor capacity providing tho 
maintenance of parameters with the aim of a burn-up compensation owing to o reduction 
of Doppler-effect (and, Co a cortain extent, a reduction of poisoning). This would reduce 
the fuel component of kwh cost but onlianco the capital one because during. ’a requiting 
period the power production will be lower than usual. That is why there is an optimum of 
the power reduction calculated below. 

With a linear approximation the kwh cost can be represented as follows: 


£,(*)■• C r *Cs C‘ Li * k ( 1-ae )J ♦ c'll-nkfnjeJh'ukd-je/j* 1 


Wh e r e---C r * C r /Tjp M -~- r ~ and -C K • JC/Z^ ~ r — are - fuel:- and cap ital components-of -the kwh - - 

I * grated Vl ; jy.Jlw± ^;_b ® 

:=^fft==a^M.&vg==yfaq.fe&a.Bi^^ - : - 

— : "durinB _ a"core“i"ife— <»' P C~ ^ ^ '““Is'a^value" 

down to which the capacity will ; be reduced during additionol time of the operation ^ 

When 71 = T this cost C,(x) is loss than • . C$(x z l) - - C£ + C* by a 
fraction (& C/C J )* k Ll-X- * (t* /Ck ) *(nx] [i*k( £•* )] which in tho cane of 

k(i~x)n I has a maximum value when X - X-^t * f 1 ♦ )~ l t E.g. , when C/s'C* 

the r esults would bo as follows: X oftF . 5 , = 0 69^ and 

r C&C/C% ; 1 5k/ (j* WM^men, wh en k- is ,4 a daln Ln the kwh cos t will be ^ > per : cent- : 

- — -and— a- dur ft bio n-of— the — optfi*ftM-on— a— redtjetid— ^bapac-i-ty- — - — — Ty = » • — — — — — — — 

When the number of rechargings is greater a gain in the cost pf a kwh will be lower. 

~ ~ within "h^"«^~~inste^^ 'Tcotii—wuil 1, :bg;i;; 

Tfti — : 
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“*» c >;f ; • c : ou, i„ u . .... mt „ Ugl k „ 

c,/c. . «... . «... c;/c; . x ,. lu , , . tK /K „ t0 » 

. . A J th °^ h the 8aln in bhe OOBt iB not vaf y high, it should bo noted that this gain 

Ullll T T in8t the ° 0Bt r0neCfcl " K a ^ntlnuouB rooharging as u neutron non- 
productive capture ia excluded while compensating by absorbers. 

Above all, the use of power effect eimpll.fise the regulation system owing to a 
reduced number of dovicee compensating the burn-up and makes it poeeible to prolong the 
time between rechargings, i.e. to enhance a value of rechargings with a covor removal. 

Optimization of water-water power renctor pararaetora 

Upon selecting definite typua of principal units for an atomic power station and 
a reaotor, the optimization of parameters characterizing those units in numerical respect 

can give a proper orientation in the ways of the development and cm eesontially reduce 
the coat of a kwh. 

Aa far as the number k of independent parameters X„ i 8 high end their relatione 
with the coat of energy are complicated, a direct optimization by means of a consistent 
solution of a closed system of equations (conditions for the minimum cost of a kwh 

o) is possible only In extraordinary coses (6J . Often these conditions have 
a complicated form, because, while varying each parameter, all other parameters 
preselected remain unchanged and those "convenient" combinations which give a simple form 
of conditions O upon fixation do not remain constant. Providing ouch 

combinations selected, It would be possible to find out simple expressions for optimal 

parameters which would reduce the volume of calculations by many orders. In some cases it 
would be useful to fix, in particular, the reaqtor capacity aa well as capacity and cost 
of a part of basic electromechanical equipment of the atomic power stution. 

Considering that relative changes in the cost of a kwh C* are usually considerably 
lesser than relative changes in independent parameters varied, an essential simplification 
can be also obtained. 

Methods of these like were elaborated in the works [7] and utilized applicably to 
water-water power reactors of tho typo considered. 

All the parameters have been subdivided into three groups. Parameters of the first 
and second groups in optimum are expressed analytically in terms of the third " Ini tial" 
group of parameters. It includes coefficients of the equipment cost as well as a volumetrio 
fraction of water in the core £ ( the pressure p t , coefficient irregularities of heat 
•release temperature rese Md water veibcifcXes. aa well as other parameters which optimumr 
have not been yet obtained in convenient analytical forms. 

------ -(-thermomechanical") . group . inciudee -the -capacity - Q - the length - f -of - - • 


-=the-fuel^cbre t --tt- : water ;; temp eratufe 

in the -steam generator- and other parameters connected wi-th listed above. These values 

- can„ be optimized upon fixation -of the fuel cost which is- defined by the- second group 

parameters. ~ 

The second ("fuel") group comprises tho diameter d r > a burnup P* and tlio core life 
TT-k .They are interconnected by the definition Pu. 1 IT. CJ.) through the 

A heat. flow from the length unit y Q n or surface unit Q, f of the fuel element must 


vej;Kept -equal to j ultima tely admissible _ or in ; . when . it is poes ibl e 

dLQjzgaini^cjgj^inzad^antagezJ3y^equallzingzthese:-TfloW£3-7.:fb~j^exampl-a 

Tncreaae of~the fuel element : d iame ter that would ' reduce the cost of the fuel element” 

manufacturing and -the- number- of- their -coatings the- same capac ity and o therways equal 


fcgt! 
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BOO , ‘T?™ ° f kh ° tie0t Sr ° Up Uncluaii« Uio capacity, pariia'tera or tho 
lent and that of tlio abeam) uro fixed, the capital invootrannta ami efficiency will 
be conutant and tho oil.Ua.um coot of a kwh cm. be calculated with vnluon A, 't, nnd dr 
minimi a lng the fuel coat, 4 1 r 

Analynia of sxproaaion obtained by ouch a method in the works fyl lor a cycle 
without repeated usage of the fuel roaulto in tho following. 

1. In the field of dinmetera of fuel uloraonto d T * d, 1 x > whore 

a linear boat flow is equal to the ndmUnlblo t the optimal burn-up Rj 

8 governed only by the dependence of tho fuol coot on the burn-up nnd la 

maintained in the point \P t In which « tangent to tho curve C.JPJ pnosua 
through origin (i.o. *C W / MS* C th /?„ ) ^ P 09 

In this case the optimal diameter is In proportion to tho complex (&K*n/C m (?*)' Pj 
i.e. it is to decrease with an increase of the burn-up t tho fuel cont and with j reduc-" 
tion of the manufacturing cost a length unit of the fuel olement (.25*^,k ur ) _ 

where *f v io a opocific weight of tho fuel* * **' 

This has created g trend to a transference of the optimum to the field cl T ^d c * 

2. In this field U T * ) the heat flow ^ equals the admissible f fan 

optimal burn- w i a p , q ^hg$ lower than tho value fa and it approaches to ' 

as the value / j-j§|(tajr with on increaae of £ , and with a decrease of 

the manufacturing oost of length unit of the fuol element , % 

And the optimal diameter in this case changes as K*Mir/(f m" 

5* Optimal value of and d r are susceptible to the dependence 

of the charged fuel cost on the extracted fuel burn-up. Apparently, the optimum for a 
u i oxide fuel in some cases will be within the limits 30-50 kg per ton and an optimal 

’fUI not differ much from d 0 - ^ r IO mm. ...... 

<rhe opt naal_ core, life iB_more stable. It has a value of about IO 5 ' days and :rows 
aa a complex vK*%r /y^(C Tri /R ) } with decreasing of the permissible heat flows 

and a ratio \Crri (Pm ). together with an increase of tho manufacturing cost. 

With the help of corresponding equation given in the works [7] the colcuiaticns 
have been made for 2 m combinations of optimal first* group parameters proceeding from 
different initial parameters of the third group which contain oomo conditional i ties and 
due to which they have varied within wide limits. 

The following has been taken into consideration whil~ calculating: 

I. Maximum enthalpy Lh of water in the outlet of the assemblies should not 
essentially differ from the saturation enthalpy \ n - i'(p* PJ. , when ■■£ > i - 

it should be necessary to reduce the enthalpy in the inlet l r , or to increase the water 
flow rate (in both casos the efficiency will drop) or to induce the capacity. These 
n egative effects cannot be compensated b ,y a certain Increase of critical heat flux es 

with the increase: of wator subcooling in the dangerous region located fiigher than the 

~ mean part of the fuel cof e. ~ ~ - ---- ~ 

- When' L " , a JC — ( l h ~ • • i s — bo— oec t^ -r— th a t i w o r s e ns 

-thg^eutgorr-balanco^and-reducqa^frg^bydrauId^-Btabfill ^ajr- ^^ 

“chanhei^ rtuxingcauncGhy^^ 

“ effects^ inesdehtTaii" >uit“tlfe* mmerlxarTspecFroTnth'e" 

yet clear. 

XJ Here cL* % ie a diameter with which the heat flows from a length unit 

and from a surface unit of the fuel clement are simultaneously equal to those permissible* 

U x & *«■ * %\ 


When 1„>1 
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2. Tho dlomotor of the ncfclvo oore ohould bu nvleotod clone to tbo nuuciuua value 

3m) of a ooro fit for a factory-manufactured voaiiolo of ultimate tranaportablo site 

(Qfp » 4 b) . 

me uoe of o diameter larger than D ip ohould bo odvantogoouB if it would not be 
accompanied by a reduction of tho thicknoua and admlaolble otrength or the vunnel 
material and by a corresponding aharp drop of tho prooauro and efficiency which cannot 
be oompenaated by an Increase of tho capacity (In boiling reactors the matter might bo 
nomewhat different). 

A decrease of the diameter causes a foot drop of the capacity which cannot be 
compensated by the reduction of tho vessel coot and by an lncreooe of tho efficiency 
with the increase of the pressure permissible which, with D=4 n , in clone to optimal 
one. A gradual Increase of the pressure provided, tho efficiency increaue dev«lops 
slowly and oritioal heat fluxes drop more quickly that compels either to roduce the 
capacity or to increase the surface of tho fuel elements. When <*}„*, «/>, = 

8 QU m hr ‘aba atm ( seo ^8l )* bhe optimal pressure will be approximately 

120 abs atm that ie yet admissible for a transportable vessel. A problem of another 
kind is an achievement of sub- and supercritical parameters which can sharply change 
many properties to the better. But this problem is not considered hero. 

Ohe reeulte of applicative the equations calculated are chiofly represented by tho 
following provisions which are valid in the point of the minimum kwh coot. (They, oa a 
rule, allow rather clear physical interpretation, though sometimes the "common aeuso" 
could prompt some erroneous trends. ) w 

I. An effect of the water-uranium ratio on the cost capital component of the 
Jcwh coat in optimum in rather low in spite of a big choice of the fuel element surface and 
the ooolant flow area while changing j this proceeds from the compensation or an 
effect of N v by a reverse effect of the relative length of tho fuel core (c /d t 
which promptly increases in optimum upon increase of N u (approximately as \i »N v ) aV 

2« An optimal thermal capacity Qo^t. mainly depends on the radial coefficient of 
a heat release irregularity and equalo 5 ♦ 6 millions of thermal kw when Ky =1,5 

and 3*3 ♦ 4 millions kw when = 3* Approximately 6 and practically it 

does not depend on permissible heat flows and it seems to be advantageous to utilise an 
increase of these flows for a reduction of the fuel core relative length. 

3* An average temperature rise of the coolant in optimum chiefly depends on the 
heating irregularity fvsSr. (approximately, dir K ~} ) and makes 

up 45*65°C when K -t = I.2 and 30445°C when =2. 

4« An optimal average water velocity in the core VV^t is mainly governed by the 
speed irregularity and makes up 3.5*4 rap sec when K w =2.5 and 

— — 647to-P-^ec-when— i( lir =s-I.25“(approxiiwiteiy l ~\V0pi-'v-K^^)- — — 

~r especiaiiy 


especially are more stable 


than mea n one s E*g» 8- 9 m p » s ec i appr oximat ely; 


iron a coolant volumo uni 


5* An o ptimal fraotion of an e nerg y c onsm ^>tion for pumping th e c oo lant = 
rather weakly depends on all the initial data varied and makes up (.6-, 9) per cent of 
the heat capacity. 

6* An optimal mean temperature difference In the steam generator is also stable 
and for a stainless heating surface it makes up approximately 25 0 C, 

7* And, at last, the unit cost (?}cx (investments per I kw without the first 

-<^argtog~oost)~±s~ohiefly^overaed~by-t^€~dependanoe-of^the^eeond-cii i cuitr-e{>str--€knti--- 

_that_of_auiiiiary systems of the atomic power^s^ tat ion. on_- the capacity r r ^C 4 . M ;= : _A'fB(i.'..4liQZ- 

-I M :: - - • ... ■ - - / - :■ ^ 

- 12 - 
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main part ia played by the coefficient B, but It io intoroflting that it has rather low 
effect on bho therraomeohnnical porumetors optimized. 

A unit coat is essentially reduced upon the reduction of irregularity coefficients 

Kj and K 4 t 

Upon an inoroaso of the pressUro the value of the unit coot drops too but the 
length of tho fuel core aa well aa the fuel charging aro increased (due to a decrease 
of permissible heat flows)* That ia why there io an optimum of tho pressure p, of about 
120 aba atm which was apoken about previously, With thia pressure and n maximum water 
enthalpy corresponding to tho saturation for a mean heat flow on the mirraco of tho moat 
intenoe fuel element * I.2*I0 6 when the radinl Irregularity of hoot 

relonue = 1.5* tho optimal paruraoturn of u wat^r-wator power reactor with a majciauo- 
elso tranaporlablo vt'UHol of 4m in diameter aro laid approximately within the fol lowing 
limits* the thermal capacity (5-5«5*I0 6 kw, the electrical capacity N* 1.6. IO 6 kw, the 
heat removal per tho coilant flow area unit ~ I.3 # I0 6 — \ the fuel coro length-fuel 
element diainotor ratio ~ 500 (when water-uranium ratio ^1.6), the moan heating and 
velocity of water 40°C and 6.5m p soc (when K A t= 1*2 and K*= 1.25) I the moon 
temperature difference in the abeam, generator 26°C; tho steam pressure - 45ub« atm, 
tho cyclo efficiency ~30 per cent, a fraction of the power conoumption for the 
circulation Ti H ~ .65 per cent (when the pump efficiency ~ .7), 

Parameters of tho second unit of the Novo-Voronezh atomic power stntion «re close 
to optimal valuos aa to tho pressure! coefficients of the irregularity and reactor 
capacity (Q *1400 Mw) which i3 in tho aecond unit yot rather lower than an optimal one. 
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Pig. 2 Reactor cooling scheme 

1 — Reactor; 2 — Main pump; 3— Steam generator 
4- V alve; 5 - Non-return valve; 6. Pipeline of 
air removal; 7 - Drain pipeline; 8 - Pipeline of 
| air removal out of pumps; 9 — Pump drain; 

10 - Pipeline to drainage tanks; 11 - Pipeline to 
air cleaning filtors; 12 — Pressurizers; 13 —Filters 
1A- — Auxiliary circulation, pump; 15 — Temperature 
sensing element; 16 — Sensing element of temperature 

rise in the loop; 17 - Pressure trpJismitter; 

18 - Element of the pressure drop on the cere; 

19 — Flow rate element; 20 — level meter in the 
compensator 


F::gi1 General view of the reactor 

; | 1 |- Shaft to vessel clutch sleeve; 

2.— Control assembly; 3 - Bottom of I 
j the shaft; 4 - Shield; 5 - Fuel 
; assembly; 6 - Shaft; 7 - Core tank 
! (removable); 8 - Spacing grid; 

| i i 9 ;i-i Protective tube assembly; 

I 10 Pressure vessel; 11 - Comunl- 
, j ■ cations of the temperature control 
' ! system; 12*- Removable cover block; 

| i l;13:|-j Control assembly drive; 14 - 

: i Maintenance area 
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The optimal reloading number n . 

/w Opt 

for the core life^c* and the corresponding 
relative excess of 1 kWh costACfa^Cover the 
1 kWh cent C| at continuous overload at 
full power), as a functions of the auxiliary 
reloading time 


Pig. 3 The increase of the theraodynnaic 
5 efficiency an and of the relative 
puap power an (when steam generator 
isreplaced by a throtrfcling installation) 
as a function of the temperature head in 
steam generator and of the pressure 
in the reactor p* and on the turbine p 2 * 
The lower plot shows the relation 
between minimum temperature head V and 
and pg pressures , at which 

that is net efficiency does not change. 
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"Fig , 5m Rgln^v e ^ y c essTpf ktf^c ost-A^( ^/C^ 
— = ^gr^kWh^coBt^at^contisaous^ovgr^ 

— ^ — ~~of~fche^ -n -for- core 

life T K and of reloading time Tq 
( auxiliary time taken equal to 

T. « ). 
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